Abstract The thesis of this review is that oxidative stress is the central factor in major depressive disorder (MDD) and Alzheimer's disease (AD). The major elements involved are inflammatory cytokines, the hypothalamicpituitary axis, the hypothalamic-pituitary gonadal, and arginine vasopressin systems, which induce glucocorticoid and "oxidopamatergic" cascades when triggered by psychosocial stress, severe life-threatening events, and mentalaffective and somatic diseases. In individuals with a genomic vulnerability to depression, these cascades may result in chronic depression-anxiety-stress spectra, resulting in MDD and other known depressive syndromes. In contrast, in subjects with genomic vulnerability to AD, oxidative stress-induced brain damage triggers specific antioxidant defenses, i.e., increased levels of amyloid-β (Aβ) and aggregation of hyper-phosphorylated tau, resulting in paired helical filaments and impaired functions related to the ApoEε4 isoform, leading to complex pathological cascades culminating in AD. Surprisingly, all the AD-associated molecular pathways mentioned in this review have been shown to be similar or analogous to those found in depression, including structural damage, i.e., hippocampal and frontal cortex atrophy. Other interacting molecular signals, i.e., GSK-3β, convergent survival factors (brain-derived neurotrophic factor and heat shock proteins), and transition redox metals are also mentioned to emphasize the vast array of intermediates that could interact via comparable mechanisms in both MDD and AD.
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Introduction
Depression, one of the most widely disseminated neuropsychiatric diseases in the world, has been recognized for centuries and has been treated by many different methods throughout history. Although numerous studies of depression have been performed through the psychologicalenvironmental, social-ethnical-statistical, and biologicalneuroscience fields, its etiology, diagnosis, pathogenic mechanisms, and treatments are still far from being completely elucidated (Gruenberg et al. 2005) . Reviewing the evolution of the two main diagnostic tools currently in use -Diagnostic and Statistical Manual of Mental Disorders (DSM) and International Classification of Diseases-we observe a series of changes and revisions, particularly in the field of mood disorders. Since 1952, when DSM-I was published, it has undergone significant revision every 5-10 years due to the uncertain knowledge of the neurobiological processes underlying the observed symptoms of depression (Parker 2000) . Even with the help of sophisticated studies taking decades to complete, and with the support of international diagnostic categorizations of mental illnesses, depressive syndromes still cannot be clearly codified and understood because these classifications are observational and lack underlying pathogenic cellular and molecular neurobiological and pharmacologicetiologic mechanisms and phenotypes (Gruenberg et al. 2005; Starkstein et al. 2005; Akiskal and Lewis 2005; Brown et al. 1994; Parker 2000) . Nevertheless, in our opinion, one of the most useful approaches to depression, which includes neurobiological, cellular, and molecular studies, is reported by Akiskal and McKinney (1973) . These authors consider depression as comprising a spectrum that deviates from normal, and which is split into minor "neurotic" personality-based depression and "endogenous" biologically based major depression, which is more serious and resistant to treatment. Based on epidemiological and clinical observations, they show that this novel spectrum may be seen as a psychobiological paradigmatic approach, extending from dysthymia, a light acute or chronic syndrome which presents the main depressive traits but which does not usually impair the patient's activities, ascending to "sub-threshold depressive syndromes," a complex set of moderate to serious symptoms that wax and wane over time; and at the end of the continuum; severe major depressive disorders (MDD).
Although not fully accepted by many clinicians, this psychobiological continuum is consistent with clinical observation, and has been indirectly assessed by neurobiological investigations of depression, leading progressively toward a unified hypothesis (Akiskal and McKinney 1973 ) that affords much more consistent biologic data. Hence, our review on depression shall incorporate it. Following the same strategy as that used for depression, we shall consider Alzheimer's disease (AD) and other dementias as a psychobiological continuum, beginning with aging phenotypes and adding variant phenotypes, particularly cognitive, as the aging cognitive impairment, mild cognitive impairment (MCI), gradually progressing into mild to moderate forms of senile dementia of the Alzheimer type (SDAT) (Rodrigues et al. 2010) , and ending with deep to very severe dementia. One of the reasons to use this approach is that the neurobiological and molecular processing mechanisms may be studied more openly, without the restriction of ambiguous clinical phenotypes, threshold measures, observation, and opinion. Furthermore, we reported in a previous study (Rodrigues et al. 2010 ) that if we consider a closed system cohortwithout member inclusion from birth or exclusion at death -going through the continuum of aging, normal aging cognitive decline, MCI, and AD; and if all its participants reach 100 years of age, 83 % would be affected by AD or SDAT, and the remaining 17 % of this 100-year-old community would be either normal not senile dementia (NSD) or affected by other types of neurological disease. Thus, according to the typical AD prevalence, at 100 years old, SDAT participants would be by far the norm (83 %), and NSD plus senile dementia of other types would be the exception (17 %); factors that make statistical AD evaluation erratic and confusing as to its real prevalence/ incidence in the world (Rodrigues et al. 2010) . These impressive statistical results, we believe, may represent a chance to go forward on the aging stress-anxiety-depression and neurodegenerative illnesses continuum looking for "a common or analogous or alike molecular, biochemical and biological brain mechanisms on AD and depressive spectra" (Rodrigues et al. 2010) .
Oxidative stress in the brain is a result of accumulated free radical damage throughout life that produces signs of molecular, cellular, and clinical pathological phenotypes when the neural antioxidant defenses of the organism are inadequate to counter the reactive oxygen species (ROS) and reactive nitrogen species (RNS), which are constantly produced in the processes of respiration and energy production (Murray 2003) . Oxidative stress has been studied intensively, either by basic scientists studying molecular and neuronal phenotypes or through clinical therapeutic applications by physicians in various domains, including those that investigate environmental insults such as radiation [for review see Mazzulli et al. 2006; Liu and Ames 2006; Moreira et al. 2006] . Thus, oxygen and hydrogen peroxide-derived free radicals, nitric oxide-derived peroxynitrite, and many other dependent free radicals form a chain of neurobiological events that may damage DNA, proteins, fatty acids, and carbohydrates, leading to the formation of 8-hydroxy-2´-deoxyguanosine, carbonyl side groups, 4-hydroxy-nonenal, and advanced glycation endproducts, respectively (Jellinger 2007) . When chronic diseases, aging, trauma, and chronic MDD, to name a few conditions, occur in an organism, free radical antagonists and natural antioxidants may become insufficient to maintain oxidative homeostasis. The molecular defenses, even though continuously expressed, are destined to respond defensively and finally fail. Then, as a consequence of continuous respiration, oxidative stress begins to damage a series of macromolecules either in the cytosol, nucleus, and/or mitochondria. This dynamic damage, occurring throughout the course of life, leads to a series of "cascades" which may end in neuronal death by apoptosis and/or necrosis (Mazzulli et al. 2006) . Although great progress has been made, too much has yet to be elucidated for us to fully understand the complexity of oxidative stress signaling and how the structural and functional impairment incurred leads to cellular demise. Oxidative stress is one of the main molecular and cellular factors in triggering "cascades" which may interact with the most varied molecular phenotypes, impairing neuronal function and transforming subclinical, physiological, and homeostatic neural defense mechanisms toward disease and neuronal disintegration (Jellinger 2007 ). Further, it is possible to consider oxidative stress as a dynamic continuum of brain response in the same context as aging, aging cognitive decline, depression, MCI, and AD, once the first two physiologic phenotypes proceed and transform into the last three pathologic phenotypes, depending on internal and external conditions (Rodrigues et al. 2010) . In this review, we will also consider chronic MDD, in co-morbidity with anxiety and/or psychological stress, as a continuous spectrum of subclinical, clinical, and biologic molecular phenotypes (Akiskal and Lewis 2005) . In addition, we present studies showing that long-term depression may interact with oxidative stress and AD, as well as inflammation, cytokines, and other neuroendocrine pathways that were more recently revealed. We will examine their equivalent similarities, interactions, and cross-talk in clinical and biological-molecular signaling. Finally, we will assess whether the clinical, pharmacologic, psychiatric, neurologic, immunologic, endocrine, and genomic studies demonstrate analogous dynamic molecular processes in the development of both brain pathologies and outline the implications for treatment changes suggested by this new analysis.
In the first phase of life, youth, metabolism, and energetic forces, resulting from oxidative phosphorylation, generate large quantities of free radicals in the brain. Nevertheless, robust antioxidant protection from free radicals usually controls the damage to neurons. During this time, stochastic mutations in mitochondrial and nuclear DNA occur; however, the disruption of homeostasis, oxidation of protein, fatty acids, sugar, and DNA that would lead to neural apoptosis is efficiently counteracted, allowing normal aging without brain pathology. Toward middle age, accumulated damage from oxidative stress may put the brain at risk. This second phase ("metabolic and energetic oxidative stress cascade"), resulting from longterm generation of free radicals during aging, induces stronger neurobiological oxidation cascades and leads to greater free radical production, more mitochondrial, nuclear DNA, and protein lesions. Stochastic errors occurring in transcription and translation along with mutations in DNA throughout the adult years may lead to neurodegenerative processes if not countered by the now declining antioxidant systems. In a third phase, which could be labeled as "senescence oxidative stress-amyloid β (Aβ) aging cascades," the oxidative damage and Aβ cascades may be initiated as a result of now over-extended antioxidant aging defenses. Thus, the interaction of continuous and long-term nuclear and mitochondrial DNA damage in conjunction with the increased defensive deposition of Aβ and hyper-phosphorylated tau particularly may result in neurodegenerative phenotypes as neurons and glia die; and as senility of the Alzheimer type intensifies (Rodrigues et al. 2010; Figs. 1, 2, 3, 4) . Finally, we have emphasized that aging, "time in which all metabolic, genetic, protein and macromolecular dynamic interactions maintain homeostasis but decline as a result of impaired ability to maintain balance," is considered the main risk for oxidative stress because it is over time that oxidation processes normally take place, whereas all negative intrinsic and extrinsic factors constantly act against the brain and other organ systems. Oxidative damage, originating from free radicals, accumulates silently in all life stages and in many brain regions, with no significant symptoms or signs, and more intensely in elderly individuals. We have, in previous work, emphasized that in view Fig. 1 Example of ad-mdd interaction pathogenetic model. Proposed molecular interaction between two neuropathologies such as MDD and AD. It is impossible to avoid complexity, by reason of the many genotypes and phenotypes involved. Two molecular "cascades" are sketched and greatly simplified, as many more enzymes, proteins, transcription factors, and genome changes, to name a few, are involved, opening new fields of research and therapeutic applications. a Cortisol depression cascade. The currently established genome of more than 40 % of chronic, long-standing, depressed-anxiousstressed patients-which are short mutant alleles of the 5-HTT carriers-induces a vulnerability to the personality threshold to withstand normal and severe life adversities and diseases. Significantly, in more (40-50 %) carriers of 5-HTT short alleles than not, they develop depressive major crises or chronic dysthymia with longterm, severe anxiety and stress. Chronic depression elevates corticotrophin release factor, activating the hypothalamus-pituitary-adrenal axis and increasing cortisol levels significantly, particularly in hippocampal areas with glycocorticoid and mineralocorticoid receptors. Neurotransmitters are led to dyshomeostasis and glucose uptake falls in hippocampal neurons. Glutamate receptors (NMDARs) in particular are robustly activated, and intracellular Calcium elevated. These two factors contribute to oxidative stress and, directly, to the inhibition of hippocampal neurogenesis and atrophy, impairing its inhibition of CRF and elevating its levels, closing the cycle. b The "Aging Alzheimer Cascade" progresses during late life, influencing and influenced by free radicals-ROS and RNS, oxidative stress, redox transition metals-iron (Fe) and copper (Cu), and increased deposition of amyloid-β peptide (Aβ) as a consequence of increased levels of amyloid-β protein precursor (AβPP); and of Tau and Apolipoprotein Eε4 (ApoEε4). During aging, two main factors may contribute to close the cycle: 1-accumulation of free radicalsoxidative stress with damage to proteins, fatty acids, glycoproteins, and DNA; and 2-genetic vulnerability: mutant alleles in specific genes leading to dysfunction of the many complex-defense and pathological-roles of the key proteins in AD: AβPP, Aβ, Tau, and ApoE4; possible accumulation, with long-term life repetitions, of "transcriptional continuity errors," and other unknown factors. Finally, the advent of AD closes the cycle, since it means fast brain aging. The figure does not indicate whether AD is the normal final pathway-a closed system with no entries or deaths, at 100 years of age, persons without AD are the absolute minority (17-20 %); and AD individuals are the majority (70-80 %) (Rodrigues et al. 2010) . This Figure, which exhibits the various interactions of both cascades, raises the question of whether these pathologies are analogous or very close biological processes which occur sequentially during the life cycles of the interaction of many processes and signaling pathways involving large numbers of macromolecules and production of enzyme/protein during life, it is not surprising that a significant number of genetic, transcription, and translation errors and biases during this continuing dynamic living process may contribute to oxidizing, damaging, and ultimately killing neurons and glia, resulting in pathogenesis in the brain, neurodegenerative illness being the most characteristic example (Rodrigues et al. 2010; Murray 2003; Mazzulli et al. 2006; Liu and Ames 2006; Moreira et al. 2006; Jellinger 2007; Littleljohn et al. 2010) . Fig. 2 Interaction of transition metals-amyloid beta peptideapolipoprotein Eε4-MDD-AD. An example of how chronic depression might interact with metal redox systems and antioxidant defenses of the Fenton reaction and Haber-Weiss metal cycle, which can lead to MCI and AD, if oxidative stress and genetic vulnerability to neurodegeneration cannot be efficiently controlled. A. Chronic depression is associated with cortisol increased levels which, through the "cortisol cascade" (see Fig. 1 ) in hippocampus, leads to dyshomeostasis of the neurotransmitter systems, particularly glutamate elevation and consequent Calcium intracellular increased concentration. The key interaction process between AD and MDD is oxidative stress originated from neurotoxicity, once Calciumelevated levels generate ROS and RNS; and free radicals. By its turn, depression-generated OS interacts with aging and AD, phenotypes known to be OS induced (not shown in the sketch). By four ways, this interaction might occur: inducing Aβ elevation as antioxidant defense; increasing strong free radicals such as OHñ and others; contributing to Aβ oligomer formation; and through hippocampal atrophy in brain regions where AD shows atrophy. In the figure, some factors that may be intermediary between both illnesses are shown as examples (many other molecular processes exist that are not shown here): GSK-3β increases its intracellular level and activates TAU hyperphosphorylation contributing to NFTs formation. Brain-derived neurotrophic factor (BDNF) levels decline as a result of the "cortisol cascade"; BDNF levels also decline in AD. In both cases, survival functions and nuclear synthesis counter neural apoptosis and other neurodegenerative processes are impaired with drop in BDNF. b We illustrate how oxidative phosphorylation creates free radicals (OH· hydroxyl radical for example) and how antioxidants usually control homeostasis (SOD1, superoxide dismutase; GPx1, GSH-Px) avoiding oxidative stress (transforming free radicals in water, H 2 O, or lipid alcohols, LOH). However, with genetic vulnerability-as in cases of mutant alleles of the proteins APP (amyloid precursor protein), PS1, PS2 (pre-senilins 1 and 2), τ (tau), and ApoEs (apolipoproteins E) whose functions are currently thought to normally protect against oxidative stress and neurodegenerative processes-redox transition metals such as Fe and Cu may not be efficiently controlled because the binding on macromolecular complexes-ApoEε4, Aβ, and Fe-is in higher neural levels than normally. These complexes might be excessively created and lead to insoluble Aβ oligomers (instead of soluble Aβ monomers) which turn on amyloid deposits. Genetic vulnerability in chronic depression that reinforces MCI, AD, or other neurodegenerative illnesses has been shown in Fig. 1 Cell Mol Neurobiol (2014) 34:925-949 929 As a first step, we describe the relationship of depression and AD in clinical fields, where many studies are currently underway and for the last 20 years. A number of clinical studies-including robust investigations with over 1,000 subjects-show that mood disorders are a moderate to high-risk factor for AD (Devenand et al. 1996; Kessing and Nilsson 2003) and that 30-50 % of depressive patients develop MCI and AD. This result suggests models for AD and MDD, which are consistent with clinical and statistical reports (Green et al. 2003) . As a second step-that sets up the main and major part of this review-the endocrine, immunologic, psycho-neural-pharmacological, neurochemical, neurobiological, and molecular phenotypes will be assessed, particularly those that support the common factors in either MDD or AD pathology. We present putative interface models between chronic MDD/anxiety/ stress and AD and their links with oxidative and nitrosative stress as a primary initiation event in pathogenesis. Finally, we discuss some common psycho-neural-pharmacological therapies based on this review that may be effective for both neural-psychiatric syndromes.
Clinical Aspects
For more than five decades, a variety of reports and studies have shown a robust clinical association between AD and chronic MDD, with or without anxiety, and particularly Fig. 3 Interaction among amyloid beta peptide, apolipoprotein e, and transition redox metals -macromolecular model. Illustration of how macromolecular complexes ApoEε4-Aβ oligomers-redox transition metals might be maintained in bound state; and the molecular dynamics which may sustain them in Aβ monomer solution or, in case of excessive β-Amyloid peptide formation and ApoEε4 disproportionate interference, in Aβ insoluble oligomers. a A model of the macromolecular complex dynamics is presented. Fe is bound to Aβ as it takes an electron from it, turning on Aβ . By the Fenton reaction, Fe then generates the strong hydroxyl radical. This and other free radicals are buffered by antioxidants GPx1, catalase, Ascorbate, Vit E, and others. Using antioxidants, Fe, through the Haber-Weiss cycle, regenerates Fe, and maintaining its binding to Aβ . In its turn, ApoEε4 may be bound to Aβ through histidine NH bonds. Van der Waal intermolecular dispersion forces impair aggregation of Aβ peptide and it stays free as soluble monomers. b If there is impairment of MMC dynamic homeostasis, particularly when Aβ peptide increases excessively by oxidative stress, genetic vulnerability, or there is overload of ApoEε4 or redox transition metals (RTMs) bias impairing Fe dynamic function, then histidine NH bonds get stronger bonds which cannot be separated by Van der Waal forces. The result may be the aggregation and deposition of the insoluble oligomers formed behavioral and social stress. One of the most important points of these studies is the need to recognize the advent of AD in depressive patients, as their clinical condition is more serious than that of MDD-free patients (Littleljohn et al. 2010; Devenand et al. 1996; Kessing and Nilsson 2003; Green et al. 2003) . A report by Green et al. (2003) directly addressed these concerns. In the Alzheimer's Genetic Epidemiology Study, the authors selected 4,046 individuals from 1,953 families. From this sample, 1,778 subjects were diagnosed with probable AD and 175, examined post mortem, and had a confirmed diagnosis of AD. The remaining 2,093 non-demented family members were questioned about depressive symptoms and other AD risk factors. The data revealed a significant association between depressive symptoms and AD: the odds ratio (OR) of this relation for all persons examined was 2.13 (C.I. 95 %). The important conclusion was that in families with an AD member where depressive symptoms occurred one year before the onset of dementia, the association of those illnesses had an OR = 4.57 (C.I. 95 %). Depressive symptoms occurring either more than one year before (OR 1.38, C.I. 95 %) or over 25 years before (OR 1.71, C.I. 95 %), the onset of dementia still showed a significant association with AD. The conclusion was that there is a strong association between depressive symptoms and AD, even when the depression occurred over 25 years before the appearance of clinical AD. These findings are consistent with other articles, i.e., the study of Alexopoulus and colleagues (2003) , who reported that "pseudo-dementia" or reversible dementia-a syndrome with a cognitive clinical phenotype, but actually expressing a major depressive episode (Caine 1981) -manifested by 23 patients with geriatric depression, were 4.7 times more likely to develop permanent dementia than 37 depressive elderly patients without cognitive impairment, in a 33.8 month follow-up. A study of clinical risk factors obtained performed with medical records on a population-based case-control study over 14 years from the Mayo Clinic, Rochester, MN (Author-Kokmen et al. 1991) reported that among more than 20 risk factors for AD, the most statistically significant was episodic depression. Only two other risk factors were identified: hypertension and personality disturbances. In a brief communication, Pomara and Sidtis reported that the 28 % reduced cortical thickness in parietal and temporal regions of the brain observed in relatives (children and grandchildren) with major recurrent familial depression disorder was comparable to the cortical thinning they observed in some neuropsychiatric disorders, including AD. These cortical AD-like changes were considered to be predictors of dementia, even in asymptomatic amyloid positive older controls (Pomara and Sidtis 2009 ). Many studies evaluating regional cerebral glucose metabolism through positron emission tomography (PET) in subjects with chronic depression have been published over the past two decades (Geerlings et al. 2008) ; some of the results showed widespread reduction in the regional cerebral metabolic rate for glucose, compared with normal nondepressive and matched controls. The study by Kumar et al. (1993) used 2-[18F]fluoro-2-deoxy-D-glucose PET in three groups of eight subjects each: 1-healthy age-matched controls; 2-late-life depression; and 3-probable dementia of the Alzheimer type. They found that Groups 2 and 3 had more significant reduction of glucose metabolism in most of the major cerebral neocortical, subcortical, and para- limbic regions than did Group 1. The decline in glucose metabolism in Groups 2 and 3 did not differ significantly. Furthermore, glucose hypo-metabolism was the same in dementia of the Alzheimer type or late-life depression, although the subjects with depression demonstrated a more homogeneous pattern of metabolic processing and no preferential involvement of any region. The authors concluded that a larger sample size should be used to study the similarity in the pathogenesis of depression and dementia of the Alzheimer type. In another large study conducted at two traditional Institutions in Amsterdam, the Amsterdam Study of the Elderly (ASTEL) and Longitudinal Aging Study Amsterdam (LASA) community based, a subgroup of more highly educated elderly, depression seemed to be an early manifestation of Alzheimer's disease before cognitive symptoms become apparent (Geerlings et al. 2000; Zaudig 2005) . A possible conclusion from the ASTEL or LASA study samples is that the dementia process may be preceded by depression/anxiety and stress. Many studies of genetic vulnerability to depression show an inability by the individual to withstand excessively severe demands of life that results in chronic depressive and stressful living. In many patients presenting with MCI or AD, clinicians report histories of serious losses in life, such as estranged family members, economic failure, difficulties in social relations, isolation, and alcohol dependence, among others (Kessing and Nilsson 2003; Alexopoulos et al. 1993; Zaudig 2005) . Furthermore, other studies investigating the relationship of depression and AD, stratified by the reason depression onset/year, observed an odd ratio of 2.0 (95 % CI = 0.9-4.6) for depression that occurred more than 10 years before the onset of dementia symptoms, and an odd ratio of 0.9 (95 % CI = 0.2-3.0) for depression onset less than 10 years before the onset of dementia symptoms. The conclusion of this study was that depressive episodes occurring well before onset of dementia symptoms appear to significantly increase the risk of Alzheimer's disease (Brown et al. 1994; Moreira et al. 2006; Jellinger 2007; Littleljohn et al. 2010) . Nevertheless, these findings, which are consistent with many other reports (Geerlings et al. 2008) , reveal that a detailed history of depression is critical and was the only independent factor found in this group of AD patients. In this view, geriatric depression with reversible dementia (Alexopoulos et al. 1993 ) is a coherent phenotype that illustrates high brain cortisol involvement: cognitive impairment in these generally acute depressive patients may subside with resolution of stress-depression. Commonly referred as "pseudo-dementia" (Caine 1981) , this transitory syndrome may occur in late onset depression; if the cognitive impairment remains in spite of improvement of the affective disorder, the risk for neurodegenerative illness increases to 40 % in about 3 years (Shanmugham and Alexopoulus 2005) . As discussed below, both hippocampal damage and the consequent memory impairment produced by the "cortisol cascade" in acute depression are reversible; but a chronic "cortisol cascade" leads to hippocampal and cortical atrophy. Additional clinical studies have been performed, including systematic reviews and complete meta-analyses of the relationship between depression and AD; for example, the report of Ownby et al. (2006) concludedafter a pooled and meta-regression analyses of 20 selected studies aggregating 102,172 persons in 8 countries and through on-line assessment-that depression, in spite of being a high risk for AD, may be a prodromal symptom. Wilson et al. (2002) reported that vascular disease was an independent risk factor from the data obtained on the relationship of depression and MCI; but, for high depressive patients with vascular brain impairment, it was found that about 20 % presented with cognitive impairment. Finally, further studies consider it important to distinguish objectively between depression and dementia in older persons, which may alert physicians to the strong cognitive and mood symptom correlates, giving noteworthy prominence to integrated treatments of both dementia and depression, which may be preferable to treating them independently (Wright and Persad 2007) .
Neuroendocrine-Dependent Oxidative Stress and Hippocampal Atrophy: A Bridge Between Alzheimer's Disease and Major Depressive Disorder?
In the 1930s, the discovery of adrenal cortical steroids, particularly cortisol, gave rise to a period of euphoria in medical communities all over the world over the potential therapeutic applications. Since it was shown that the adrenal gland hyper-secretes cortisol in a number of major depression disorder patients (melancholia), this hormone has played an essential role in psychiatry, and extensive research is currently ongoing. In the 1940s, many psychiatric disorders were treated with either extract from adrenal cortex or cortisol with positive results. Furthermore, the endocrine, psychiatric, and neurologic fields presented so many interactions that psycho-neuroendocrinology and endocrine psychiatry became specialized fields in either research or clinical neuropsychiatry (Shorter and Fink 2010) .
Current neuroscience and neurochemistry establish that the stress (in this context psychological stress) response by the brain is mediated through the hypothalamic-pituitaryadrenal axis, most likely, though not firmly established, by stimuli brought from the amygdalae nuclei and other neural systems (Arborelius et al. 1999) . So, in the hypothalamic paraventricular nucleus, there is higher synthesis of corticotrophin-releasing factor, which is discharged to the local portal-vascular system by the median eminence neurons, reaching the anterior pituitary gland. In this structure, after stimulation of corticotrophin-releasing factor receptors, adrenocorticotrophic hormone (ACTH) and other derivatives of pro-opiomelanocortin are synthesized in a cascadelike process (Plotsky 1991) . ACTH, in turn, elicits the synthesis of glucocorticoids (cortisol and corticosterone, in humans and primates respectively) from the adrenal cortex. In the limbic system, particularly the hippocampus, septohippocampal nucleus, and amygdala, the adrenal hormone binds to mineralocorticoid receptors and to glucocorticoid receptors. During stress, cortisol levels rise about 100-fold and the glucocorticoid receptors stimulate the hypothalamic paraventricular nucleus and the hippocampus (Jacobson and Sapolski 1991) . The main function of the mineralocorticoid receptors and glucocorticoid receptors is to suppress stress-induced hyperactivity of the hypothalamic-pituitary-adrenal axis, leading to the inference that the modulator function of this hormonal system is dependent on glucocorticoid feedback mechanisms to inhibit its stress-triggered activation, and to critically diminish additional glucocorticoid secretion. Furthermore, the medial pre-frontal cortex also contributes to hypothalamic-pituitary-adrenal axis stress modulation, i.e., inhibition: this frontal brain region converges with the hippocampal formation onto certain regions of the anterior bed nucleus of stria terminalis and both project GABAergic fibers to the paraventricular nucleus of the hypothalamus, demonstrating that the hypothalamic-pituitary-adrenal-inhibitory influences of medial pre-frontal cortex and hippocampal formation are exerted principally through a convergence to a common relay (not parallel or serial), which produces a strong modulatory mechanism (Radley and Sawchenko 2011) . An important and consistent finding reported over 20 years ago is the significance of testing MDD by administration of dexamethasone and corticotrophinreleasing factor, unveiling a very sensitive measure to this illness-the real meaning of this finding was not appreciated at that time when psychoanalysis was the main tool for understanding depression. Nonetheless, today the dexamethasone-corticotrophin-releasing factor test-a double and reinforced test-has demonstrated that there is likely a threshold to abnormalities of hypothalamic-pituitaryadrenal axis function in depressed patients, which may implicate a genetic vulnerability to MDD (Holsboer et al. 1995) . Genetic predisposition is only a partial explanation since a significant proportion of patients without depressive/anxiety/stress may develop AD; and a significant fraction (approximately 60 %) of chronic major depressive and/or anxious-stress patients does not develop AD. A number of studies have focused on the genotypes of depressive patients using single nucleotide polymorphisms, either in MDD or AD. As an example, the short mutant alleles of the serotonin transporter (5-HTT) gene (Canli et al. 2005; Caspi et al. 2003 ) and the corticotrophinreleasing hormone receptor-1 gene associations with MDD (Liu et al. 2006a, b) may explain why approximately 40 % of depressive patients show resistance to antidepressants and to psychotherapy. Furthermore, in AD, there is an extremely complex set of genetic factors that result in a 30 % increase of AD in families, compared to controls; this includes all forms of early onset AD and late onset AD. These genetic puzzles underscore the uncertainty and need for additional research to understand the genotypic vulnerability in both pathologies and to determine what level the environmental and socio-ethnical factors influence the diseases' expression (Coppedè and Migliore 2007; Haines et al. 2002) . Thus, the hypothalamic-pituitary-adrenal axis is currently considered to be the "final common pathway" for a major part of the depressive and stress-anxiety symptomatology. Furthermore, most of the environmental and gene-dependent phenotypes appear to associate positively with the corticotrophin-releasing hormone-ACTHCortisol axis activity in depression, and antidepressants may return these hormones to normal levels (Bao et al. 2008) . The majority of pertinent investigations, including those related to other hypothalamic hormones, e.g., oxytocin (Meynen et al. 2007) , have firmly established this point.
The assumption that chronic depression-stress syndromes elevate glucocorticoids persistently, the "glucocorticoid cascade hypothesis" (Sopolsky et al. 1986 ) in the hippocampus and medial frontal cortex particularly, raises the question of what the action of these hormones is on these regions. The pioneering studies of McEwen and Magarinos (2001) have shown that the hippocampus, which is involved in declarative, spatial, and contextual memory, is very sensitive to stress and gonadal hormones. According to these authors, the hippocampus is a very plastic structure exhibiting four main effects from adrenal steroids and estrogens: 1-the effect of estrogens; 2-synapse formation in physiological levels (Woolley et al. 1990 ) with participation of excitatory amino acids and inhibitory (GABAergic) interneurons (Gazzaley et al. 1996; Gould et al. 1998; Eriksson et al. 1998) ; and adrenal steroids: 3-granule neuron death and apoptosis in bilateral adrenalectomy; and 4-the blocking of dentate-gyrus neuronal loss by aldosterone (Wooleley et al. 1997 ). This set of observations suggests that neurogenesis/turnover in the hippocampal dentate-gyrus granule cells is controlled by adrenal steroids along with N-methyl-dextro-aspartate (NMDA) receptors and participation of other excitatory amino acids. As adrenal steroids increase with stressdepression, stress-depression symptoms, mediated by corticotrophin-releasing hormone, may alter neurogenesis, a common and general phenotype in mammals (Woolley Cell Mol Neurobiol (2014) 34:925-949 933 et al. 1998), especially-but not exclusively-in the dentate-gyrus ) of the hippocampus, inducing neuronal apoptosis and death, hippocampal atrophy, and memory deficits (Lupien et al. 1990 ). Furthermore, after these and many other relevant studies over the last two decades (Lupien et al. 1994 (Lupien et al. , 1995 Lupien and McEwen 1997; Scolville and Milner 1957; Porter and Landsfield 1998; Sapolsky 2001; Czéh et al. 2001) , hippocampal atrophy has been quantitatively associated and positively correlated with glucocorticoid levels in various neuronal regions of this structure, either in animal stress models or in humans, particularly in depressed elderly animals or patients. Two other relevant findings show that increased glucocorticoid hormone levels may be associated with the decline in volume, decreased level of essential metabolites, and attenuated neurogenesis in the stressinduced hippocampal structure, compared with non-stressed, matched controls. This damage is prevented by the use of antidepressant treatments (Czéh et al. 2001; Ballmaier et al. 2008) , particularly in aged subjects with long-term depression (Landfield and Linch 1978; Issa et al. 1990 ).
Moving to AD, there are relevant studies from the 1980s and 1990s: Davis et al. (1986) reported that cortisol levels are elevated in AD compared to controls. The 24 h mean and integral plasma cortisol concentration is elevated significantly compared to controls in Alzheimer and Parkinson diseases (Hartmann et al. 1997) . Furthermore, increased cortisol levels in AD are correlated with hippocampal atrophy (de Leon et al. 1997) , and the cortisol response to the opioid antagonist naltrexone was absent in AD in individuals of comparable age to healthy controls who show elevated cortisol levels in this situation. This suggests that neuroendocrine abnormalities might be an important concomitant and possibly a central contributor to the pathophysiology of Alzheimer's disease (Pomara et al. 1988) . In a study of cortisol levels in the cerebral spinal fluid (CSF) of elderly patients with depression and AD, compared with not-depressive-AD and healthy elderly controls, Hoogendijk et al. (2006) reported some paradoxical results: the CSF cortisol of depressed-AD subjects had a greater than twofold increase in the CSF cortisol compared to controls and did not differ from the not-depressed-AD CSF cortisol levels, apparently indicating that depression does not contribute to the cortisol CSF levels. They concluded that if depression-AD has about the same brain cortisol levels as AD, and both pathologies associate with double the level of cortisol compared to healthy controls, different neurobiologies and molecular mechanisms occur in AD and MDD. We could dispute these results since, while cortisol levels can double as depression develops and progresses to depression-AD, the data on advanced AD patients may represent cortisol levels without any contribution from depression. Since there are no depressed-only individuals in this group, it is not possible to assess the contribution of depression alone to cortisol levels and to compare these findings with AD, depressed-AD, and control subjects. Demonstration that AD and MDD employ different biological mechanisms requires determination of whether depression causes the same results as patients with depression-AD, and to characterize the underlying mechanisms under both circumstances. In any event, this interesting study shows the critical importance of AD on cortisol levels or the inverse-cortisol levels on AD-and suggests, consistent with our proposal, that additional investigation into this issue is needed.
Psychosocial Stress-Anxiety-Depression and Oxidative Stress
The generation of ROS and RNS is a physiological and normal attribute of almost any aerobic event of organismic animal life. The "oxygen paradox" was established in the middle of the twentieth century. It establishes that "O 2 , the most important substrate of life, may be also the most relevant factor of death" since, aerobic organisms decline in their defenses against its toxicity throughout life. In spite of the fact that 95 % of O 2 is metabolized to water, about 5 % of it, under normal conditions involving complex pathways, may produce ROS and RNS; particularly in the brain, which is the most vulnerable organ to oxidative damage, by reason of its peculiar physiologic and structural characteristics (Jellinger 2007) . In spite of relevant physiological responses, pathophysiological conditions induced by free radicals may cause DNA damage, protein oxidation, and lipid peroxidation, resulting in tissue lesions, particularly in cell membranes (Toro and Rodrigo 2009; Behl et al. 1997) . Conversely, the hippocampus may suffer damage from stress-depression-anxiety, particularly in chronic conditions; and the stress hormones, particularly the glucocorticoids, mediate this "cross-talk" between depression and hippocampal lesions (Bremner 1999) through disruption of cellular metabolism (Sapolsky et al. 1990; Sapolski 2000) and altering synaptic structures in specific areas such as CA1 (Magarinos et al. 1997) . Moreover, single-positron emission computerized tomography (Mayberg et al. 1994 ) and magnetic resonance imaging (Ballmaier et al. 2008) , in addition to other neuroimaging investigations, have shown that depressed patients have significant differences in functional and structural parameters, particularly in the para-limbic, temporo-frontal, and hippocampal brain regions, compared with controls matched for age, sex, cultural, and ethnic characteristics. On the other hand, glucocorticoids have been shown to enhance levels of cell damage in chronic stress-depression-anxiety syndromes and, as such, to elevate the oxidative stress load causing molecular dysfunction and neuron death (Behl et al. 1997) . Mineralocorticoid receptors and glucocorticoid receptors, a dual glucocorticoid-binding receptor system, influence the hypothalamic-pituitary-adrenal axis, inhibiting oxidative stress damage to limbic structures, particularly hippocampal regions, acting as negative feedback and tonic inhibitory influences (De Kloet and Reul 1987; De Kloet et al. 1998 ) at the hypothalamic and pituitary level and at the pyramidal (CA1-4) and granular (dentate-gyrus) neurons of the hippocampus (Herman et al. 1989; Herman and Cullinan 1997) . Interestingly, there are also strong molecular and cellular influences on serotonergic transmission, neuronal excitability, and behavioral responses in addition to hypothalamic-pituitary-adrenal regulation, effects that are relevant and consistent with our suggestions (De Kloet et al. 1998; Bitran et al. 1998 ).
The Molecular Mechanism of Hippocampal Atrophy
Glutamate is the most abundant excitatory amino acid in the brain, where it is normally released by an estimated 40 % of all synapses (Fonum 1984; Chalmers et al. 1990 ). As we will discuss below, the "glutamatergic" hypothesis of AD postulates that elevated glutamate levels in the hippocampus, frontal-temporal cortex, and other brain regions leads to activation of glutamate receptors on the neuronal, glial, and mitochondrial membranes, particularly NMDARs, opening the channels to calcium (Ca2) entry into the synapses and through diffusion to intracellular domains. Glutamate kills neurons by two main mechanisms: through pathways mediated by NMDARs, and via the "oxidative pathway" which includes Ca2 as an inducer of oxidative stress. As many antioxidants can block the damage from either biochemical process, the production of reactive oxygen and reactive nitrogen leading to oxidative stress is the most probable cause and is consistent with the glutamatergic killing of neurons. Furthermore, catecholamines, particularly dopamine, may act in concert with glutamate in a complex biochemical process favoring neuronal damage through oxidation pathways (Mahler and Davis 1996) . The continuous release of dopamine at normal or excessive levels may induce excitotoxic concentrations of glutamate to stimulate a series of oxidative signaling pathways, which may end in neuronal and/ or glial death. Most of these pathways are not clear, although some have been already characterized. A major source of free radicals is hydrogen peroxide (H 2 O 2 ), which is continuously generated within cells as a result of the organism's respiration. If not countered, H 2 O 2 can accumulate to lethal levels and may jeopardize neuronal survival (Halliwell and Gutteridge 1993) . Glutathione peroxidase (G-Px) is the critical enzyme in preventing free radical OH formation from H 2 O 2 through the Fenton reaction with the redox transition metal Fe/Fe. The interesting study of de Haan et al. (2007) about the "gene dosage effect" in Down's Syndrome shows that it is the ratio of superoxide dismutase 1/G-Px-the first enzyme converting superoxide radicals O 2¯t o H 2 O 2 , and the other inhibiting hydroxyl radical formation-that constitutes the critical defense against metabolism-dependent oxidative stress in neurons. Furthermore, the interaction of dopamine with glutamate (Mahler and Davis 1996) inhibits cysteine transport into neurons (Murphy et al. 1989; Oka et al. 1993; Davis and Maher 1994) which gives rise to an inability to maintain intracellular glutathione levels-the substrate for G-Px defenses. Thus, the low catalase concentration in neurons in combination with the reduced levels of intracellular glutathione lead to a reduced ability to synthesize G-Px and protect against oxidative reactions within the cell and, ultimately, to cell death (Greene and Greenamyre 1995; Gwag et al. 1995) .
In previous sections, it was shown that hippocampal atrophy is associated with chronic stress and MDDs in more than 55 % of affected individuals (Sheline et al. 1996) and, that MK-801, an NMDA antagonist, attenuates dendritic hippocampal loss and other damage incited by stimulation of NMDARs (Nitsch and Frotscher 1992) . As shown in this study, recurrent major depression and chronic psychosocial stress are associated with hippocampal atrophy. However, dendritic hippocampal loss and post-traumatic reduction of the "early gene" activation by the NMDAR antagonist MK-801 demonstrates that NMDAR stress stimulation causes atrophy in some hippocampal areas; and chronic stress, provoking excessive liberation of CRH in hypothalamus and hippocampus, initiates the "corticoid cascade" hampering homeostasis in the HPA which stimulates neurotransmitters, including monoamines and neuropeptides, as a consequence of the robust increase in glucocorticoid levels. Since the 1990s, glutamate has been studied as a neurotoxic agent (Fonum 1984) , and oxidative stress and neurodegenerative diseases have been hypothesized as originating as a result of the continuous over-stimulation of some brain regions, particularly the hippocampus, limbic system, and mesial fronto-temporal neo-cortex. The "glutamatergic" hypothesis of AD establishes that elevated activation of the glutamate receptors in the neuronal, glial, and mitochondrial membranes, particularly NMDARs, opens calcium channels allowing Ca 2 entry into the synapses and diffusion throughout the cytosol, near plasma, and mitochondrial membranes of the post-synaptic cells (Coyle and Puttfarcken 1993). Excessive Ca 2 , inducing a series of downstream signaling and molecular pathways, facilitates excitotoxicity or neuronal apoptosis/necrosis and consequent cellular death through glutamate/Ca corticoid elevation, depression, hippocampal atrophy, and cytokines as a lethal triggering of the "glucocorticoid cascade," it is important to mention the roles of dopamine, particularly on oxidative stress, and its interactions with behavioral psychosocial stress and depression. Indeed, dopamine is the major catecholaminergic neurotransmitter in the brain and dopaminergic neurons. Dopaminergic neurons are located in the substantia nigra, constituting some of the dopaminergic pathways responsible for loco-motor movement, motivation and reward, and secretion of pituitary gland hormones. Dysfunction of these systems can lead to a series of neurological, psychological, and endocrine diseases, Parkinson's disease (PD) being one of the best examples (Vallone et al. 2000) . Currently, there is increasing evidence that dopamine, besides acting as a neurotransmitter, can become neurotoxic at high concentrations or, in an oxidative environment, at normal levels. The evidence has been derived from idiopathic PD, even though the substantia nigra is not the only region in the brain affected by dopamine oxidative toxicity. The major pathological hallmark is the progressive degeneration of the neuro-melanin-containing dopaminergic neurons in the substantia nigra pars compacta, demonstrated in increased postmortem iron content (Bindoli et al. 1992) , causing the symptoms of tremor, rigidity, and bradykinesia. The interplay between high dopamine content and free radicals is believed to promote oxidative stress in the case of gene-dependent vulnerability frail defenses, killing neurons in the substantia nigra, mesocortical, and/or mesolimbic systems (Gille and Riederer 1995) . Excess dopamine may also be a potent pro-oxidant or a neurotoxic agent via non-oxidative pathways (Luo et al. 1999; Hattori et al. 1998) , and its enzymatic or non-enzymatic oxidation yields redox-active free radicals and the robust prooxidant dopamine-quinones and semiquinones which may generate tetra-hydroisoquinones that generate even more dopamine-induced oxidative stress (Vallone et al. 2000) . Finally, dopamine may be oxidized Weingarten et al. 2001, Pedrosa and Soares-da-Silva 2002) , boosting its neuronal killing potential, provoking univalent reduction of oxygen, and consequent production of superoxide anion, hydrogen peroxide, and hydroxyl radical (Bindoli et al. 1992) . Moreover, as the non-catalyzed, physiological oxidation of dopamine is slow, free-transition metal ions like iron and manganese may accelerate its oxidation via biochemical processing mentioned above (Lloyd 1995; Jimenez et al. 1993) , closing a cycle that we may label as an "oxi-dopamatergic cascade" (oxidationglutamate-dopamine oxidative stress).
Meanwhile, despite the attraction of the "corticoid cascade" induced by glutamate-dopamine-oxidative stress, either in chronic psychosocial depression-stress or in associated MCI/AD neurodegenerative damage, we feel that the glutamatergic neurodegenerative hypothesis (Engelhardt et al. 2003) does not explain neuronal and glial death in AD and other neurodegenerative diseases. In these reports, oxidative stress is only superficially mentioned and considered a secondary factor. There are no reports on the concomitant dopaminergic robust influences and interactions with the oxidative stress-induced glutamate cytotoxicity (Avshalumov and Rice 2003; Chen et al. 2011) and the influence of transition redox metals (Calabrese et al. 2007a, b; Perry et al. 2002; Huang et al. 1999; Nunomura et al. 2001; Jennings et al. 2006) . Additionally, previous studies (Chalmers et al.) showed that glutamatergic receptor binding sites have differential performances in signaling pathways: although NMDA receptors were reduced 40 % in the frontal cortex in SDAT, indicating a general NMDAR loss in the presynaptic terminals, kainate receptor binding was increased approximately 70 % in deep layers of SDAT frontal cortex, and quisqualate receptors were unaltered. These differences in glutamate receptor actions and structures may indicate that the glutamatergic hypothesis of neurodegenerative diseases is inadequate for explaining all the neurochemical pathways and phenotypes. In our opinion, considered altogether, it would be better to amend the "glutamatergic hypothesis" to one that includes glutamate-dopamine-oxidative stressinduced neuronal, glial death, and synaptic losses. This could be denoted as either a "dopamatergic" or "oxidopamatergic" hypothesis of neurodegenerative disorders. However, a question arises from the depression-induced glutamatergic hypothesis: as Ca 2 intracellular influx is dispersive and would not kill 20 % of the hippocampal/ cortical neurons by oxidative stress, the "oxi-dopamatergic" hypothesis could in part explain the large increase of neural and glial oxidative stress killing. The initial glutamate-induced ROS and RNS formation may mediate the neurotoxicity of dopamine (Sprague et al. 1998; Kuhn and Geddes 2000; Gudelsky and Yamamoto 2003) . The consequent reduction in indoleamine and catecholamine turnover on the synapses, intra, and extra cellular realms is not clear, but may induce initial massive increased serotonergic levels and posterior long-term 5-HT decline; and to severe dopamine imbalance (Baumann and Rothman 2008) . Our proposal then suggests that in addition to the direct "oxi-dopamatergic" oxidative stress, the "corticoid cascade" induction to hippocampal atrophy is, on the other hand, reinforced by indoleamine/catecholamine neuronal imbalances, which may complete the cycle in MDDs.
How do Depression, the Corticoid Cascade, and Oxidative Stress Interact?
We consider this question to be exceptionally significant and explanatory, since oxidative stress and hippocampal-cortical atrophy are currently considered (Coyle and Puttfarcken 1993; de Leon et al. 1997; Jellinger 2007; de Leon et al. 1989; Lupien et al. 1998 ) to be associated with AD. Additionally, other studies are showing strong association with chronic MDDs, with or without co-morbidity, with glucocorticoid stress-anxiety reactions, which may be an integral part of the disease. There are some indirect studies of the association between oxidative stress and depression; the study of Ereb et al. (2007) demonstrates decreased levels of reduced glutathione (GSH), glutathione peroxidase (GSH-Px), and vitamin C antioxidants in experimentally induced depression in rats. Lipid peroxidation was conversely elevated in the brains of these stress-depressed rats. The confirmation that the oxidative stress phenotypes in these experimental animals resulted from depression was made based on the normalization of lipid peroxidation (LP) and GSH-Px after administration of lamotrigine, escitalopram, and aripiprazole; medications with recognized antidepressant effects. Another similar study by Eren et al. (2007) showed that the administration of venlafaxine, another classical serotonin with norepinephrine, also a reuptake inhibitor antidepressant, to experimentally depressed rats, reverses the high levels of LP, lowering it to normal levels; and elevates the low levels of cortical GSH-Px, vitamin C, and medulla GSH to normal levels. The authors concluded that central nervous system oxidative stress, originating from ROS and RNS stressed neurons and glia, is a phenotype of major depression. These conclusions, confirmed by other studies (Bilici et al. 2001; Liu et al. 1996) , demonstrate a robust association between major depression and oxidative stress in the central nervous system, and that antidepressant treatments counter oxidative stress, at least in acute episodes. Indeed, reports of hippocampal neuronal damage by oxidative stress as the result of enhanced glucocorticoids were presented more than 15 years ago (Landfield 1994; McIntosh et al. 1995; Goodman et al. 1996; Lawrence and Sapolsky 1994) , although the reports were mostly isolated and did not show the extensive interaction with other important factors currently envisioned. On the other hand, some deeper studies have been presented on depression, neurodegenerative pathology, and the stress system of the human hypothalamus and of the limbic areas and hippocampus. These pioneering researchers emphasize the interaction among all of the above-mentioned factors and report novel data that provide evidence of the influence of the hypothalamic-pituitary-gonadal axis system hormones (gonadotropin-releasing hormones-GRHs and andropause menopause hormones) in neurodegenerative diseases of senescence such as AD (Atwood et al. 2005) . They showed that these sex hormones induce a greater number of corticotrophin-releasing hormone-expressing neurons in the hypothalamic paraventricular nucleus of men's brain compared to women's brain. This emphasizes their robust involvement not only in senescence, but also in the number of corticotrophin-releasing hormone neurons and consequent dissimilar glucocorticoid androsterone and estrogendependent hypothalamic paraventricular nucleus concentrations (Bao and Swaab 2007; Bao et al. 2006) . On the other hand, glucocorticoids are known to suppress expression in the suprachiasmatic nucleus and paraventricular nucleus of arginine vasopressin in about 70 % of the cells and of corticotrophin-releasing hormone in 96 % of the cells (Liu et al. 2006a, b; Erkut et al. 1998 ). In addition to metabolic, immunologic and neuroendocrinologic mechanisms, they influence memory, mood, and behavior (Erkut et al. 1998) . Indeed, decay of arginine vasopressin has an attenuating effect on depression-like behavior, and increased levels of arginine vasopressin in the paraventricular nucleus induce anhedonia behavior-like depression, despite the lower hypothalamic-pituitary-adrenal glucocorticoid levels, a paradox suggesting that the vasopressinergic circuits which engender depression-like behavior are separate from those arginine vasopressin tracks regulating the hypothalamic-pituitaryadrenal axis (Mlynarik et al. 2007 ). All these data together are consistent with the findings that oxidative stress, engendered by the "glucocorticoid cascade" in aging, major depression or AD (O'Brien et al. 1996; Liu et al. 2000; Mazurek et al. 1986 ), may induce DNA/RNA damage in the paraventricular nucleus and suprachiasmatic nucleus in the hypothalamus and could suppress arginine vasopressin gene expression (Liu et al. 2006a, b) , decreasing this hormone level-the latter suggestion is ours. Accordingly interpreting the accumulated data on the glucocorticoid, vasopressin and sex hormone cascades, it is possible to consider oxidative stress not only as an early direct or indirect factor, but also as an intermediate hypothalamic-pituitary-hormonal factor between AD and MDD. These sex hormone cascades are currently the subject of intensive studies (Roca et al. 2005; Roy et al. 1999 ) and have been shown to be a significant factor in either MDD or AD (Rasmuson et al. 2002) . Clearly, oxidative stress is a significant part of the oxidative stress-hypothalamic-pituitary-neural/immune/vasopressin/gonadal/adrenal system with broad influences on either AD or MDD. Finally, the pioneering and central studies of Swaab et al. (2005) and Swaab and Bao (2011) opened a large track to investigate almost all of the aforementioned interactions and, in spite of some paradoxical data (Swaab et al. 2005) , the researchers' past and recent findings established a clear consensus that is consistent with our proposal.
Cytokines and Chemokines: Neuromolecular Signaling in Alzheimer's Disease and Major Depressive Disorder
Current studies on neuroimmunologic processes in depressive syndromes and AD have suggested new therapeutic strategies for treating these illnesses (Raison et al. 2005) . Khan and Alkon (2006) reported that AD involves an induction of signaling pathways, including some brain Cell Mol Neurobiol (2014) 34:925-949 937 pro-inflammatory cytokines, the most prominent of which are tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) that are associated with cognitive impairment and low levels of protein kinase C (PKC). Additionally, cytokine signaling and mitogen-activated protein kinases, either in MDD or in AD, induce an extremely complex signaling cascade in response to inflammation. The pathways are initiated by phosphorylation of neuronal membrane receptors, which may be activated by stress, heat, UV, cytokines, TNF-α, growth factor receptors, and other cellcell interactions. The initial event is propagated by phosphorylation of downstream extracellular regulation kinases 1 and 2 (ERK1/2), then jun-NH2 kinases 1 and 3 (JNK 1-3), to p38 proteins (p38), and then to other substrates. This results in effects on neuroplasticity, neurogenesis, the scaffold structure, core neuronal dynamics and biochemical actions, leading to neuropathological lesions, including neurodegenerative diseases such as AD (Krauss 2001), and stress-induced depression, mediated by elevated glucocorticoids and hippocampal atrophy, possibly as a result of oxidative stress. Studies of almost three decades relative to depression/stress/anxiety disorders in a chronic and unexpected progression have found psycho-immunologic and neurochemical factors associated with emotional behavior and biological phenotypes. In spite of thorough investigations, clear explanations for the neurobiological mechanisms have not yet been reported. Nevertheless, plasma levels of cytokines and chemokines are elevated in depressed individuals, leading to the "cytokine hypothesis" of depression (Snyder 2011) . This interesting report, studying a great number of individuals, presented data suggesting an interaction between the antidepressant selective serotonin reuptake inhibitors (SSRIs) and nonsteroidal anti-inflammatory drugs (NSAIDs), and concluded that there is an antagonistic effect between these two agents. The results contradict the common established wisdom (Warner-Schmidt et al. 2011 ) based on the finding that in plasma, the cytokine levels of IFN-γ and TNFα, and of the small marker protein p11, were increased during depression, decreased by SSRIs treatment, and also lowered by NSAIDs; but in frontal cortical tissues, curiously, the opposite effect was observed. In any case, according to reports from a variety of sources (Calapai et al. 2001; Fiebich et al. 2001) , cytokines, for example, IL-1, IL-6, TNF-α and IFN-γ, do exhibit increased levels in the brain during depression. Furthermore, these cytokines are believed to induce stimulation of corticotrophin-releasing factor, ACTH, or cortisol in humans; and this way may be responsible for increased depression/stress/anxiety syndromes and may contribute to the "cortisol cascade," leading to hippocampal atrophy (McEwen and Magarinos 2001) . Therefore, as a recent report shows, one of the roles of the pro-inflammatory cytokines is necessary and sufficient for the anti-neurogenic and behavioral effects of these emotional syndromes. A signaling cascade that may induce the cytokine actions is initiated by NF-kβ, nuclear factor-kβ (Koo et al. 2010) . In this study, the authors show the association of NF-kβ with inflammation and depression/stress behavioral actions. NF-kβ has a critical role in the IL-1β effects and in stress/depression. Stress inhibits neurogenesis through cortisol action in the hippocampus, leading to hippocampal atrophy (McEwen 1999; Magarinos et al. 1997 ). Stress and depression are known to be strongly associated with inflammatory reactions, one of the main pathologies in AD brain (Koo et al. 2010; Kaltschmidt et al. 1997 ). Thus, NF-kβ is a factor in both major depression and AD, and its activation in response to inflammatory stimuli decreases proliferation of neural cells. Moreover, chronic depression/stress activates this factor and its downstream signaling, boosting inflammatory responses, suggesting a new therapeutic target for depression. As NF-kβ is a general transcription factor, activated in AD, it induces robust stress on hippocampal and other limbic and neocortical neurons by the amyloid-β of senile plaques and tau of neurofibrillary tangles (NFTs) (Kaltschmidt et al. 1997) . We furthermore emphasize that this transcription factor, which is activated by the cytokine signaling cascade, begins its action in the extracellular tail of the intermembrane cytokine receptors and is transferred to the neural cytoplasm by signaling proteins that constitute the Janus kinases, and the transcription factors known as signal transducers and activators of transcription. Through trans-phosphorylation, these JAK/STAT protein pathways (Gorczynski and Stanley 1999) induce changes in gene expression at the nucleus, binding to DNA promoters. Different cytokines activate the same JAK/STAT signaling pathway, leading to neuronal damage that may constitute a cascade for chronic depression, neurodegeneration, and other chronic immune diseases. However, this system is regulated by specific defensive proteins as the suppressors of cytokine signaling and others (Wurster and Grusby 2004) .
Depression, Inflammation, Oxidative Stress, and Neurodegenerative Disorders: Development of a Rational "Therapy" for Alzheimer's Disease?
The inflammatory and neurodegenerative (IND) hypothesis of depression has its origin in the 1990s, with the cytokine and inflammation associated with oxidative and nitrosative stress-mediated depression research (Sotiropoulos et al. 2011) . Neurodegeneration and reduced neurogenesis in chronic depression are directly associated with inflammation, oxidative, and nitrosative stress, and mediated in brain cells through immune activation and its long-term consequences (Maes et al. 2011) . The study of Catena-Dell'Osso et al. (2011) and Myint and Kim (2003) , following the same rationale stated in the IND hypothesis of depression, establishes that in this illness, the cytokines IL-1, IL-6, TNF-α, and interferon-α and γ increase in the brain. Conversely, chronic administration of these cytokines triggers depression, leading to inflammatory oxidative and nitrosative stress, neuronal damage, and to elevation of the enzyme indoleamine-2,3 dioxygenase that catabolizes the AA tryptophan, lowering its concentration, and also depleting serotonin in the synapses, an established mechanism for depression. The glucocorticoids are activated, leading to the "glucocorticoid cascade" and dysregulation of the hypothalamic-pituitary-adrenal axis (Bao et al. 2008; Sopolsky et al. 1986 ), reinforcing depression (McEwen and Magarinos 2001) . Chronic external stress and occurrence of anxiety/depression in addition to glucocorticoid elevation in plasma and CSF and the consequent induction of corticoid cascade pathways (Bao et al. 2008; Meynen et al. 2007; Sopolsky et al. 1986; Woolley et al. 1990 ) may induce neural-inflammatory responses that induce neurodegeneration and reduced neurogenesis. It was also shown that cytokines (IL-1β, IL-6, IL-12, and TNF-α) increase through induction of depression-mediated hypothalamic-pituitary-adrenal axis (Thomas et al. 2007 ). Posttraumatic stress disorders have been reported in some studies to be associated with elevated serum interleukin-6 and IL-6 receptor (IL-6R) concentrations in comparison to controls. When PTSD is a co-morbidity with MDD, IL-6 is higher in serum and is involved in the catecholaminergic modulation of anxiety reactions (Maes et al. 1999) . Indeed, there is now evidence that chronic depression syndromes, including anxiety, stress, and other autonomic and somatic symptoms such as fatigue, anorexia (hyperphagia), insomnia (hypersomnia), diminished libido, apathy, etc., may be the clinical expression of peripheral cell-mediated stimulation, inflammation, and induction of inflammatory oxidative and nitrosative stress. If these observations can be linked to the studies on single nucleotide polymorphism of the 5-HTT genes (Canli et al. 2005; Caspi et al. 2003) and of the MDD related CHRreceptor-1 gene (Liu et al. 2006a, b) , we may state that genetically influenced depression-anxiety phenotypes may already exist beginning at birth and, under severe life stresses, diseases, and/or complex signaling pathways (Dunn 2007) , progress to clinical levels. Moreover, depression often expresses with multiple co-morbidities such as neurodegenerative dementias, stroke, immunological, cardiovascular, obstructive pulmonary diseases, obesity, infections, trauma, interferon-α-based immunotherapy, smoking, alcoholism, and other maladies. All these conditions underscore peripheral or central nervous system induced oxidative and nitrosative stress as the main common denominator (Reviewed in Dunn 2007; Macdonald et al. 2003; Milne et al. 2008; Moreira et al. 2007; Kücükakin et al. 2009; Stokes et al. 2005; Naoi et al. 2005; Jang and Surh 2005) . Altogether, there is a clear association and interaction of oxidative stress and depression, particularly if considered in light of new pharmacologic treatments against depression and neuroinflammatory load. On the other hand, since current antidepressants and anti-dementia or other neurodegenerative disease-directed therapeutic drugs still do not have the needed efficacy for a desired outcome, it is critical to (1) ascertain inflammation-depression and neurodegenerative (I-DND)-induced antioxidant drugs which may be combined with antidepressants; (2) determine bio-markers for these interacting pathways (Maes et al. 2009 ) to target points of convergence; and (3) investigate gene expression, genotypes, and SNPs in the corresponding illnesses and determine the vulnerability of carriers to combined individual environmental, psychosocial, and pathologic stresses in life by adjusting associated treatments to individual threshold potentials.
Do Alzheimer's Disease and Major Depressive Disorder
Share the Same or Similar Signaling Pathways?
As shown above, clinicians have great difficulty in determining whether symptoms and signs of depression in elderly patients, particularly late onset depression, are originated either from this psychopathology or from dementia. This is particularly true when they find cognitive decrement symptoms as a comorbid entity. The main reason for this conundrum is that both psychiatric entities may share similar or analogous neural-biologic molecular signaling and processing. The interesting study of Wright and Persad (2007) presents a series of case studies to illustrate this challenge, and points out the importance in delineating treatments of both these illnesses. Many convergence factors or common points between MDD and AD are being currently studied. In addition to oxidative stress, corticotrophin-releasing hormones, GRHs, and inflammation are already discussed, and some others will be briefly described below.
Brain-derived neurotrophic factor BDNF is one of the most important survival factors in the brain; it is one of the nerve growth factor (NGF) family of proteins that help neurons and glia avoid damage, assist in cell repair, and is part of a series of signaling systems that confer neural resistance to internal or external insults to the CNS (Patapoutian and Reichardt 2001; Segal 2003) . BDNF is widely distributed in the brain and is involved in transport, release, and binding to toxic agents constituting a robust defense system (Bregola et al. 2000) . BDNF also mediates gene expression, eliciting responses that assist in Cell Mol Neurobiol (2014) 34:925-949 939 many survival molecular strategies (Linholm et al. 1994) . Finally, its positive actions in learning and memory, neurogenesis, synaptic transmission, brain electrical excitation inhibition, pain, and inflammation is beyond the scope of this report. BDNF is also essential to protect against neurodegeneration through signaling pathways leading to cyclic AMP response element binding protein and stimulating DNA synthesis (Caccamo et al. 2010 ) through control of the amyloidogenic pathway and Aβ production in hippocampal neurons (Matrone et al. 2008 ) and through stimulating neural stem cells to improve cognition (Blurton-Jones et al. 2009 ). Agonists of the BDNF receptor and tyrosine-receptor kinase B (TrkB) may imitate this growth factor, activating its receptor in the brain, inhibiting kainic acid-induced toxicity, decreasing infarct volumes in stroke, and acting as a neuroprotective mediator in some neurodegenerative diseases. Jang et al. (2010) provide evidence with a flavonoid agent, 7-8-dihydroxyflavone, that acts on TrkB showing its therapeutic potentials in AD. On the other hand, BDNF and other NGFs induce neurogenesis in the sub-granular-neuroproliferative zone of the dentategyrus and CA1 region of Amon's horn in the adult brain (Kunkin et al. 2004) . Indeed, neural stem cells, in a transgenic model of AD may improve cognition through BDNF induction; BDNF addition, in recombinant forms, may mimic the beneficial effects of neural stem cell transplantation; and depletion does not increase hippocampal density nor improve cognition (Blurton-Jones et al. 2009 ). Turning to mood disorders, the work of Martinowich et al. (2007) on BDNF function in depression and anxiety underscores that antidepressant drugs may upregulate this survival protein. BDNF may have different functions in the brain based on a polymorphism in the region encoding the BNDF pro-domain leading to a valine at amino acid 66 being substituted by a methionine (Val66Met). The methionine allele in BNDF has been suggested to be protective for bipolar disorder and depression. The recent study of Terracciano et al. (2011) establishes, in a large sample of 2,037 depressive patients, that plasma levels of BDNF are associated with neuroticism traits and depressive symptoms; BDNF level is inversely related to neurotic traces of personality, and lower BDNF concentrations may appear in severe depression. Furthermore, antidepressants chronically administered in depressive crises may up-regulate BDNF expression and infusion of BDNF into the hippocampus producing antidepressant effects and increasing adult hippocampal neurogenesis. Moreover, current research has directed attention to a possible "neurotrophin hypothesis of depression" which is based in great part on the associations of stress-depression syndromes or antidepressant treatments and down-or up-regulation of BDNF, respectively (Martinowich et al. 2007) . Research on the cell and molecular biology of BDNF are essential for the development of effective BDNF-based ADD and AD therapies (Woo et al. 2005) .
From these studies, we may suggest that the utility of BDNF in MDD and AD may lead to a strong competition between both illnesses for this survival factor: long-term depression may induce AD development when there is an underlying genomic vulnerability for neurodegenerative illnesses; and conversely, depression may be induced by AD in case of genomic vulnerability to depression. In spite of the fact that biological mechanisms of this BDNF interaction are unknown, the rationale of this "competition" could explain the high incidence of AD in depression and the significantly higher incidence of depression in AD patients.
Neuropsychopharmacologic Drugs and AD and MDD: Interaction Studies
It is interesting to note that current clinical treatments for both illnesses, Alzheimer's disease and most forms of depression disorders including anxiety and chronic stress, have produced benefits using antidepressant drugs and some glutamate receptors antagonists. We will initially discuss the neuropsychopharmacology of the mood-stabilizer drugs valproate and lithium. These medications have been extensively studied over the last decade, particularly their effects on triggering increased expression of cytoprotective and neurotrophic proteins such as bcl-2 in some regions of the central nervous system (Mangi et al. 2000) . This pro-survival transcription factor steadily increases its levels of neuroprotective effects; in lithium-treated mice, a significant enrichment of hippocampal neurogenesis has been reported. Additionally, valproate may elevate neurite development and stimulates a signaling pathway-ERK mitogen-activated protein kinase, a molecular pathway utilized by many endogenous neurotrophic factors. Other clinical and neuroimaging studies are consistent with the neurotrophic and neuroprotective effects of these moodstabilizer agents (Drevets 2000) . This research group has demonstrated that chronic treatment with lithium or valproate either attenuate or reverse: the substantial gray matter reduction and decreased neuron density in prefrontal cortex, the volume decrease of left nucleus accumbens-right putamen (Baumann et al. 1999; Rajkowska 2000; Vincent et al. 1997) , the reduction in specific layers enclosing the interneurons in the anterior cingulated cortex (Vincent et al. 1997) , the 40 % volume decrease in nonpyramidal neurons in CA2 region of the hippocampal formation compared with control subjects and the 24 % glial cells declined number in familial major depression and 41 % in manic-depressive illness (Benes et al. 1998) . Many pharmacological studies indicate that the therapeutic effects of these agents are due to structural changes in molecular level . Lithium mainly benefits cell survival: it induces an increase of B cell lymphoma/ leukemia-2 gene (Bcl-2) and reduction of glycogen synthase kinase-3β (GSK-3β). Bcl-2 protein protects neurons against many injuries, including oxidative stress (chemical oxidants) and long-term ionizing radiation (Fugate). Furthermore, lithium was the first mineral agent that protected brain cells from premature death, and that may even cause brain cells to regenerate after a loss from disease . The Wayne State University School of Medicine has also reported that, as lithium has high neurotrophic effects on neurons and glia survival, it should be investigated as a potential therapeutic drug for Alzheimer's and other neurodegenerative diseases that are characterized by the death of brain cells (Manji et al. 1999 . In their studies of humans, rats, and brain cell cultures, these authors concluded that the increase in gray matter survival in neurons is about 220 % more with lithium administration than in those of controls, and that of gray matter volume enlarged by an average of 3 %. Moreover, the action of lithium on AD may be assessed by its inhibitor action on GSK-3β-causing reduced tauopathy and neurodegenerative effect (Noble et al. 2005) , and its indirect action should be investigated in manic depression associated with AD to determine whether patients with manic depression that receive lithium have a decreased incidence of AD. The effects of lithium are still not clearly understood due to the complexity of its molecular mechanisms of action, including its influence on signal transduction and transcriptional factors, contributing to neuroplasticity; the blocking of many other kinases besides GSK-3β, and indirectly, inducing the attenuation of tau phosphorylation (Lenox and Hahn 2000) reducing NFTs.
For more than a decade, antidepressants have been thought to have an attenuated action on stress-induced alterations in brain metabolism, hippocampal volume, and cell proliferation (Czéh et al. 2001; Gould et al. 1998; Sapolsky 2001) , particularly in acute syndromes (Holsboer et al. 1995) . In summary, the lithium-antidepressant effects in AD and MDD include 1-AD is correlated with high cortisol levels, hippocampal atrophy, and impaired hippocampal metabolism with reduction of neurogenesis through apoptosis and necrosis. 2-chronic treatment with therapeutic lithium concentrations or other antidepressant drugs may favor neurogenesis, decrease the vulnerability of brain cells to oxidative stress, induce post-translational changes in molecular chaperones, decrease production of amyloid-β, inhibit Aβ-induced stress, prevent tau phosphorylation, and exert neuroprotective effects by increasing resistance to oxidative damages. 3-Lithium may prevent protein misfolding and accumulation of AD-associated cytotoxic aggregates, increasing expression of heat shock proteins (HSPs) and/or protecting chaperones (Allagy et al. 2009);  and antidepressant drugs may up-regulate BDNF (Martinowich et al. 2007; Terracciano et al. 2011) , invoking the "neurotropic hypothesis of depression" (Martinowich et al. 2007; Terracciano et al. 2011; Woo et al. 2005) . Other neuropychopharmacological studies have been done in the last 20 years on the dual effects of NMDARs antagonists, which may confirm the intimate interaction of the molecular pathogenic mechanisms of MDD and AD. In fact, many studies have shown that memantine (Reisberg et al. 2003) , a non-competitive NMDAR antagonist, broadly used as a therapeutic agent in moderate to severe AD, and other similar agents such as amantadine, bifemelane (Mory et al. 1993) , and ketamine (Berman et al. 2000) may have potential antidepressant properties in depressed patients with either associated or unassociated AD. Moreover, significant therapeutic interactions between these noncompetitive NMDAR antagonists (amantadine, neramexane or memantine) with the antidepressants imipramine, fluoxetine, and/or venlafaxine-used in the forced swimming test model in rats-were more effective in treating depression than antidepressants alone, suggesting a new integrated therapeutic use for antidepressant resistant patients (Rogóz et al. 2002) . The NMDAR antagonists were also effective in humans in diseases of aging (Le and Lipton 2001) . Finally, the interesting study of Paul and Skolnick (Paul and Skolnick 2003) on glutamate, NMDA receptor, and AMPA receptor effects on depression and suicide symptoms to promote more effective antidepressant treatments in anxiety-depressive patients indicates that the use of integrated excitatory amino acids antagonists and antidepressants in depressive patients is already a reality.
GSK-3β, Heat Shock Proteins, and Heme Oxygenase GSK-3β has essential roles in the brain, affecting synaptic plasticity, neurogenesis, and cell adhesion, among others. The importance of this kinase for understanding the interaction between a series of molecular pathways in either AD or MDD is relevant. A few brief illustrations are presented below:
GSK-3β phosphorylates tau protein and impairs its antiapoptotic effect through competition with β-catenin which, when dephosphorylated, increases resistance to apoptosis leading to phosphorylated tau-induced neuronal necrosis in neurodegenerative diseases (Li et al. 2007) . GSK-3β is a pathological feature of AD in many other processes and may be activated by the intracellular domain of AβPP. Patients with elevated levels of amyloid intracellular domain show, through GSK-3β hyper-activation, pathological and clinical signs of AD (Ghosal et al. 2009 ). Inhibition of GSK-3β by many therapeutic agents such as lithium induces a decrease in pathological tau levels and attenuates degeneration of neurons and glia in AD (Noble Cell Mol Neurobiol (2014 ) 34:925-949 941 et al. 2005 . In depression-stress-anxiety phenotypes, GSK-3β is disinhibited by the attenuation of survival pathway BDNF-PI3-K/Akt that inhibits it (Del Rio and Frenchilla 2006) . Hyperphosphorylation, a mark of GSK-3β, then goes forward and may act to induce AD (Ghosal et al. 2009; li et al. 2007 ). GSK-3β inhibitors, lithium, and other agents display anti-manic and antidepressant effects in some animal models. However, the mechanisms by which attenuation of depression and mania occurs are unknown (Du et al. 2010) . GSK-3β is a potential pathologic agent in the development of either AD or MDDs; as such, it is currently an important target for the investigations of inhibitory agents to include and improve the new integrated therapies of AD and MDD (Bhat et al. 2004 ).
On the other hand, HSPs, currently known as heat shock factors, have been shown to be key participants in many cellular pathways involved in the protection against ONS in particular brain regions (Calabrese et al. 2003) . The major proteins of the HSP family (HSP-70, HSP-60, HSP-27, and ubiquitin) are known as functional chaperones, which trigger pathways involved in the "unfolded protein stress response." They protect neurons from oxidative stress, degrading the toxic heme into free iron, carbon monoxide, and the antioxidant bilirubin (Doré et al. 1999) . The heat shock protein-32 or heme oxygenase (HO-1/HO-2) is also known as a vita-gene-a protein originated in genes that protect survival-and is a robust antioxidant and modulator of the onset and progression of major neurodegenerative disorders such as AD and PD, through the molecular mechanisms reported in Doré et al. (1999) . The activations of HO-1, thioredoxin (TRX), other detoxifying enzymes (Mn-SOD, GSH-Px, NADPH, CAT), cytokine immunoreceptors, and growth factors that constitute the "vita-gene system" by the slow accumulation of free radicals from metabolism, aging or pathological conditions, are the part of strong defense mechanisms against disease and aging in the brain. The pro-survival mechanism controlled by the homeodynamic "vita-gene system" acts as a series of molecular defenses against brain diseases through modulation of ROS and RNS, attenuating brain oxidative stress (Calabrese et al. 2007a, b) . Since oxidative stress has a solid association with AD, this "vita-gene protection system" may also be related or associated with neuronal damage provoked by the chronic stress-depression-anxiety diseases (Calabrese et al. 2007a, b) .
Redox Transition Metals
Many studies have been done on the participation of iron and copper in neurodegenerative diseases, particularly Parkinson's and Alzheimer's, with the induction of early and continuous oxidative stress damage (Huang et al. 1999; Nunomura et al. 2001; Perry et al. 2000a; Perry et al. 2002) . These studies support the utility of investigation into the clearance of redox metals from the brain and the therapeutic applications thereof. The purported role of Aβ accumulation is not consistent with many clinical and pathological phenotypes currently found (Perry et al. 2000b; Smith et al. 2002) , the functions of iron-monomeric Aβ-ApoEε4 binding (Rodrigues et al. 2010 ) and of early defenses against oxidative stress from the beginning of AD (Nunomura et al. 2001 ). There are almost no reports on the direct participation of these transition redox metals in chronic-anxiety-depression stress diseases. Meanwhile, single nucleotide polymorphisms in some haplotypes tagged depression-stress-related (Peters et al. 2004 ) or in individual-specific genes (Canli et al. 2005 ) are increasingly being investigated as phenotypic inducers of antidepressant treatment responses. An important study on this topic, likely based on the previous studies of the association of the human serotonin transporter genotypes and neurobehavioral disorders, has recently been reported. Based on a transgenic inbred mouse strain, serotonin transporter knock out lines harboring complex haplotypes, it has been shown that serotonin transporter-dependent 5-HT signaling is a major determinant of midbrain iron homeostasis, a condition which, in turn, dictates iron-regulated DA neuropsychiatric phenotypes, including alcohol consumption and depression-anxiety behaviors (Carneiro et al. 2009 ). These findings establish that serotonin transporter genotypes, which have been related to low anxiety, dysthymia, and depression-stress behaviors phenotypes (Cairo et al. 2002; Carneiro et al. 2009; Holmes et al. 2003; Jennings et al. 2006) , do not yet have clear interactions with these neuropsychiatric DA and serotonin-dependent symptoms via iron homeostasis regulation. In view of the fact that redox transition metals are deeply involved in AD (Huang et al. 1999; Perry et al. 2002) , metal interaction in MDD and related disorders should be thoroughly investigated.
Discussion
Our review focuses on oxidative stress as the central point of convergence between MDD and AD. As a first approach, it was shown that 30-50 % of AD individuals have a previous history or express signs and symptoms of the depression spectra. This leads to the question of whether oxidative stress-a critical element in the development of AD-also induces the major neural pathology found in depression, particularly in the hippocampus and pre-frontal cortex. The following consideration was that in genomic vulnerability to depression; psychosocial stress, severe lifethreatening events, or mental and/or affective somatic disease stresses may originate an alternate phenotype through activation of the HPA axis, resulting in CRHsincreased brain concentrations and reinforced by arginine vasopressin and GRH co-expression. The induction of elevated glutocorticoid levels damages the limbic neurons, which leads to hippocampal atrophy and surplus release of corticoid releasing hormones, closing the circle. Next, we suggest that the serendipitously established excitatory amino acid activation and intracellular Ca 2 influx accelerate the increased oxidative metabolism and free radical formation promoting the "oxidopamatergic" cascade which boosts the glucocorticoid cascade in the neurotoxic effects. Surprisingly, we found that the glucocorticoid and oxidopamatergic cascades-paralleled by some specific antioxidant defenses such as increasing Aβ aggregation, tau hyperphosphorylation, and impaired ApoEε4 function in genomic vulnerability to AD individuals-lead to the AD spectra and are either similar to or the same as those in the depressive phenotype. We have also shown that inflammatory phenotypes and elevation of cytokine levels in brain are also sub-central factors influencing signaling all along the MDD/AD spectra. The cytokines associated with either or both illnesses are yet not clear as it is not known which of the associated phenotypes are first expressed. Nonetheless, oxidative stress is involved in the ubiquitous manifestation of inflammation/cytokines, pervasively activating the hypothalamic-pituitary-adrenal and arginine vasopressin systems and reinforcing psychosocial stress, severe life-threatening events, and mental/affective somatic diseases induced glucocorticoid cascades, arginine vasopressin, oxidative damage, and estrogen cascades. Interestingly, we found that these cascades are similar or the same in either MDD or AD spectra, which may be differentiated only by the origin of the genomic vulnerability. As a final step, we briefly mentioned some of the other molecular intermediates of convergent points between these pathologies, underlining the use of neuropsychopharmacology to confirm that positive results may be obtained using similar drugs to treat either diseases. Other convergent signalings by some molecular pathways, BDNF, GSK-3β, HSPs/HO-1, and redox transition metals were discussed with the purpose of reinforcing our proposal.
In Fig. 1 , we present a simple diagram through which we endeavor to summarize the main aspects of our review.
Conclusion
In Fig. 2 , we summarize our hypothesis, emphasizing the molecular cascades which, along all the diseases' development, accumulate the OS burden leading to MDD or AD. The pathway depends on the genomic vulnerability to depression and/or AD, respectively. In both illnesses psychosocial stress, severe life-threatening events, and/or mental-affective somatic disorders may provoke robust stimulation of the brain molecular oxidation cascades (defenses, which go downstream to glucocorticoid, "oxidopamatergic," and cytokines inflammatory cascades). The free radical formation from these continuing long-term life molecular cycles lead to oxidative stress if those molecular cascades overload the brain's naturally constituted genomic threshold. In individuals with genomic vulnerability to depression, depression cascades, and alternately, in subjects with genomic vulnerability to AD, AD cascades advance to MMD and/or AD, respectively. These pathologic phenotypes close the cycle, leaving environmental, internal life stresses, and genomic vulnerabilities as the "decision" about which pathways will be followed during brain aging. This proposal is consistent with the lack of any strictly identifying molecular phenotype changes between MDD and AD, besides their genomic vulnerability.
